Introduction
Although it is common for operational research (O.R.) professors to try to bring realworld examples and applications to the O.R. classroom, typically, undergraduate students do not take what they learn in class and immediately apply it to real-world problems. In this paper, we consider an exception to that rule. Specifically, we will discuss how one undergraduate O.R. student took what he learned about the traveling salesperson problem (TSP) and used it to improve his pizza delivery performance. In fact, he went beyond the classroom discussion and incorporated in his problem formulation and solution approach, both distance traveled and time required for the pizza delivery. In the next section, we will give background on the problem the student wanted to solve followed by his solution approach and results.
Problem background and data collection
After working for a summer at a pizza shop and doing multiple deliveries at a time for the shop, the student often tried to utilize his time and fuel in the best way possible. This allowed him to increase the number of pizza deliveries that he made. Then, after being introduced to the travelling salesperson problem in his undergraduate O.R. class, he found that he could mathematically formulate the optimal method that would minimize his mileage travelled. After contemplating this for a while, he soon came to realize that just minimizing the distance travelled wouldn't ideally save him money or necessarily gain extra time, due to the speed at which he would have to travel. This led him to the following observation: he needed a travelling salesperson problem formulation that incorporated both time and distance. In order to take into account both distance and time, the student created a trade-off curve between distance and time using Pareto Optimality techniques discussed in Chapter 12 (section 13) of his textbook (Winston and Venkataramanan (2003) ).
Before formulating and solving his problem, the student mapped out part of Schuylkill County, Pennsylvania (USA). In particular, the towns of Pottsville (P), Schuylkill Haven (SH), New Ringgold (NR), Orwigsburg (O), Friedensburg (F), Deer Lake (DL), and Auburn (A). He then travelled between the towns multiple times in order to get the distance between the towns and to get an average of the time it takes to go between each town. See Tables 1 and 2 
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Where x ij is 1 if the solution to the TSP goes from city i to city j and 0 otherwise. The objective function (1) minimizes the total "cost" (which is typically distance or time) of the tour. Constraint set (2) ensures that we arrive at each city exactly once and constraint set (3) ensures that we leave each city exactly once. Constraint set (4) ensures that there are no subtours.
To illustrate how the branch-and-bound technique can be used to solve a TSP, constraint set (4) is relaxed (ignored). This leaves an assignment problem which is solved and checked for subtours. If there are no subtours, then the optimal TSP solution has been found. Otherwise, create new subproblems by branching to exclude subtours. A subproblem is eliminated if its optimal z-value is inferior to the best previously found feasible solution.
The student's pizza delivery problem
To start, the student used the MS EXCEL© Solver function (readily available in MS Office©) to solve the assignment problem based on the distances given in Table 1 . The branch-and-bound tree, where each node of the tree is an assignment problem, is given in Fig 1opposite. From Fig 1, we see that the minimum distance travelled solution is 33.3 miles and the optimal tour is from Auburn to Deer Lake to New Ringgold to Orwigsburg to Pottsville to Friedensburg to Schuylkill Haven and then back to Auburn.
At this point, the student added the distance objective function as a constraint (right hand side equal to 33.3) to the time minimization problem described by the data in Table 2 . Solving this problem resulted in the same tour with a total travel time of 50.2 minutes. This is the endpoint for the Pareto Optimal trade-off curve with minimum distance.
Next, as with the distance problem, he used the values in Table 2 to solve the TSP that minimized total time required for a tour. The branch-and-bound tree generated for this problem indicated that the optimal solution to the time minimization TSP is 48.1 minutes, and an optimal tour is Auburn to Deer lake to New Ringgold to Pottsville to Orwigsburg to Schuylkill Haven to Friedensburg and back to Auburn. At this point, the student added the objective function from this problem as a constraint (with right hand side equal to 48.1) in the distance minimization TSP. Solving this problem gave as the optimal tour the same tour as for the time minimization problem with total tour distance 
